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EFFECT OF AZOTOBACTER CHROOCOCCUM
ON SUGAR BEET AND MICROBIAL ACTIVITY
OF RHIZOSPHERE
ABSTRACT: In sugar beet production, one of the most important factors that affect
the yield, apart from genetic properties, is the use of mineral fertilizers. Considerate amounts
of mineral fertilizers are used in sugar beet production. However, if agroecological condi-
tions are not optimum, mineral fertilizers cannot be completely absorbed, which may lead
to soil contamination. Therefore, research has been focusing on ways of using atmospheric
nitrogen by means of nitrogen-fixing bacteria. Numerous researches have proved that one
part of mineral fertilizers can be replaced by biological nitrogen.
The aim of this research was to determine the effect of genotype, azotobacter and the
amount of mineral fertilizers on the root yield of sugar beet and on the microbiological acti-
vity of the sugar beet rhizospheric soil.
Three hybrids of sugar beet were used during the two years of the research. The seed
of the hybrids was inoculated with three strains of azotobacter. Various amounts of NPK
were used (0;30;60;90 kg/ha).
At the end of the vegetation period, the following were determined: root yield, total
number of bacteria, number of azotobacter, oligotrophic bacteria, ammonifiers, fungi, and
actinomycetes in soil. Dehydrogenase activity was measured.
The results were processed statistically (analysis of variance for factorial trials) and
the effect of the factors was determined upon the expected mean square values.
The yield was mainly affected by the amount of mineral fertilizers. However, the ef-
fect of mineral fertilizers was different with different inoculation treatments. The effect of
the examined factors was dependant upon genotype, amount of mineral fertilizers, inocula-
tion and the year of trials. The interaction between genotype, mineral fertilizers, inoculation
and the year of trials was the factor that had the greatest effect on the number of almost all
the examined soil microorganisms.
KEY WORDS: sugar beet, root yield, Azotobacter chroococcum, microbiological ac-
tivity of the soil
INTRODUCTION
The use of an adequate amount of mineral nutrients in sugar beet produc-
tion is one of the basic prerequisites of high and stable yield. It is also one of
37the best ways of exploiting the potential of the environment, as well as the ge-
netic fertility potential of sugar beet. Mineral fertilizers provide the soil with
easily accessible plant nutrients. The amount of mineral fertilizers to be used
is determined upon the demands of the plant and the amount of nutrients in
the soil. In agricultural production, large amounts of nitrogen fertilizers are
used in order to achieve the highest possible yield.
However, modern agricultural production is concerned about the effects
of mineral fertilizers on the environment. Mineral nitrogen is a useful source
of nutrients for plants, but at the same time, a serious pollutant.
According to evidence from a great body of literature, it can be assumed
that it is possible to replace one part of mineral nitrogen with biological nitro-
gen, which is plant-friendly. This, in turn, could prevent the pollution of the
environment and lead to the production of food of higher ecological value.
The research by M i l o š e v i ã et al. (1997) and G o v e d a r i c a et al.
(2002, 2004) proved that one part of mineral nitrogen could successfully be re-
placed with biological nitrogen fixed by diazotrophs (nitrogen-fixators). There-
fore, a lot of attention is being given to the soil microorganisms, which can
transform both the soil and atmospheric nitrogen into a form that is plant-
-friendly.
Mineral fertilizers are also a readily available source of nutrients for soil
microorganisms themselves. The effect of mineral fertilizers on the microbio-
logical activity depends on several factors: the amount and type of fertilizer,
the type of soil, the plant and properties of microorganisms. In chernozem soil,
for instance, the number of microorganisms and their activity were high, both
with and without the application of mineral fertilizers (G o v e d a r i c a and
J a r a k, 1995). In less fertile types of soil, the use of mineral fertilizers stimu-
lated microbiological activity (J a r a k et al., 1993).
Bearing in mind the importance of the rational use of nitrogen mineral
fertilizers and a growing interest for ecologically sound agricultural produc-
tion, the aim of this investigation was to determine the role of genotype and
other factors that contribute to the root yield and affect the microbiological ac-
tivity of sugar beet rhizospheric soil.
MATERIALS AND METHODS
Microexperiments were conducted for two years in fluvisol, on humogley,
in the locality of Panåevaåki Rit.
The effect of seed inoculation with Azotobacter chroococcum on the root
yield was investigated in three sugar beet hybrids (3n hybrids of the PKB
Agroekonomik Institute).
The seed was inoculated with a liquid inoculum of azotobacter shortly
before sowing. Three strains of Azotobacter chroococcum were used (strains
16, 84 and 86 of the Institute for Field and Vegetable Crops, Novi Sad and
Faculty of Agriculture, Novi Sad). The control was not inoculated.
38In order to determine the effect of mineral fertilizers and inoculation on
the productivity of the three hybrids, there were several variants of fertilization
(without NPK; N30:P 30:K 30;N 60:P 60:K 60:N 90:P 90:K 90).
The experiments were performed by means of random block system in
five repetitions. The plots' size was 13.5 m2 in total, with the distance in a
row being 0.20 m and the distance between rows 0.45 m.
All the necessary agrotechnical measures were applied properly and at the
appropriate time.
At the end of the vegetation period, the root was taken out in order to ob-
serve its yield. At the same time, samples of the rhizospheric soil of sugar beet
were taken in order to observe the microbiological activity. An average sample
was prepared from the rhizosphere of fifty plants from the middle row of the
plots. The samples included all repetitions and all variants (mineral fertilizers,
inoculation) of every sugar beet genotype.
The total number of microorganisms (TN) in an agarized soil extract was
determined by dissolution method. The number of ammonifiers (Am) was de-
termined on MPA (P o c h o n and T a r d i e u x, 1962). The number of free
nitrogen-fixators was determined in Fjodorov medium, the number of oligo-
trophic bacteria (Olg) by dissolution method and the number of azotobacter
(Azb) by fertile drops method. The number of actinomycetes (Act) was deter-
mined in a synthetic medium and the number of fungi (F) in Czapek medium.
The fungi were grown at the temperature of 25°C and the other microorga-
nisms at 28°C. The incubation period lasted two to seven days.
Dehydrogenase activity was determined by Lenhard's method (1956) and
modified by Thalmann's method (1968). Dehydrogenase activity is shown in
mg TPF per 1g of soil.
The obtained results were statistically analysed by the analysis of variance
for factorial trials. The analysis concentrated on the effect of the main factors
(the year of trials, sugar beet genotype, Azotobacter chroococcum genotype
and mineral fertilizers) and their interaction. The effect of these on the root
yield, number of microorganisms and dehydrogenase activity was measured by
means of F test. The components of variances were determined upon the
expected mean square values (H a d ÿ i vukoviã , 1991).
RESULTS AND DISCUSION
Soil microorganisms live in balanced relations, which are specific to each
type of soil. Numerous agrotechnical measures frequently disrupt this balance.
This affects the number of microorganisms and their enzymatic activity (M i -
l o š e v i ã et al., 1997; M i l o š e v i ã and G o v e d a r i c a, 2002; G o v e -
d a r i c a et al., 1999; J a r a k et al., 1999).
Different amounts of mineral fertilizers that were used in this investi-
gation, as well as the inoculation of the sugar beet seed with Azotobacter
chroococcum strains had a considerable effect on the number of all the investi-
gated microorganisms and dehydrogenase activity.
39The amount of mineral fertilizers is an abiotic factor that may signifi-
cantly affect the sugar beet root yield (M a r i nkoviã e t al., 1996). Accor-
ding to S t a n å i ã (1997) in the same level of mineral fertilizers, the most
significant factor which affects the variation of the root yield is the genetic
difference between the parent and the hybrid. According to K r s t a noviã
(2001), the root yield is primarily affected by environmental conditions. The
root yield in our investigation was dependant upon the year of the trials, the
amount of mineral fertilizers, sugar beet genotype and inoculation.
During the trials, numerous results were gathered. Graphs 1 and 2 present
an average azotobacter number and dehydrogenase activity, as well as the root
yield depending on the fertilizer applied. These indicators were chosen because
the aim of the investigation was the effect of inoculation with Azotobacter
chroococcum on the root yield, whereas dehydrogenase activity is an indicator
of general biological activity of soil.
In all variants with inoculation, the greatest average number of azotobac-
ters was observed when no mineral fertilizers were applied. Even earlier, pa-
pers by M i l o š e v i ã (1988) and M i l o š e v i ã et al. (1989) showed that
high amounts of nitrogen fertilizers have a negative effect on the number of
azotobacters in soil. Graph 1 also shows that the greatest number of azotobac-
ter does not mean the highest average root yield.
Dehydrogenase activity and the root yield were highest in most variants
with inoculation when 60kg ha—1 NPK was applied. The exception was the va-
riant with strain 86 and 90 kg ha—1 NPK (Graph 2).
The obtained results showed that the number of the examined microorga-
nisms and dehydrogenase activity in soil were highly affected by the following
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Graph. 1 — The number of azotobacters in soil (g—1 of soil)
and the sugar beet root yieldfactors: the year of the trials, the amount of mineral fertilizers, inoculation, su-
gar beet genotype and their interactions (Table 1). However, the effect of the
mentioned factors varied depending on the group of the examined microorga-
nisms (Table 2).
It was observed that the year of the trials alone did not have a significant
effect on the number of the most groups of microorganisms nor on the
dehydrogenase activity. The number of microorganisms was primarily affected
by the interaction of the genotype, mineral fertilizers, inoculation and the year
of the trials. The year of the trials and mineral fertilizers/year interaction had a
somewhat greater effect on the number of azotobacter in the soil. Dehydroge-
nase activity was primarily affected by the interaction between the mineral fer-
tilizers and the year, and the interaction between the inoculation and the year
of the trials (Table 2).
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Graph. 2 — Dehydrogenase activity in soil (mg TPF g—1 of soil)
and the sugar beet root yieldTab. 1 — The analysis of variance of the microbiological activity of soil
Source of variation df
Variance Ftab.
TN* Azb* Olg* Am* F Act* DHA* 0,05 0,01
Repetitions 2 0.8 0.1 1.9 0.1 1.0 0.05 0.02 3.04 4.71
Sugar beet genotype (A) 2 27.4 3.5 11.2 98.5 420.5 8.0 2.4 3.04 4.71
Mineral fertilizer (B) 3 56.3 26.9 65.9 157.7 74,9 16.3 137.0 2.65 3.88
Inoculation(C) 3 96.9 0.4 65.3 455.8 83.2 56.3 211.5 2.65 3.88
Year (D) 1 895.0 82.3 161.2 146.0 170.1 17.3 25.9 3.89 6.76
Interaction AB 6 18.1 1.0 5.6 40.0 68.3 15.2 16.2 2.14 2.90
AC 6 61.9 2.3 93.1 73.1 380.0 6.0 41.4 2.14 2.90
AD 3 59.2 9.7 6.6 9.4 531.7 13.0 8.7 2.65 3.88
BC 9 73.1 1.2 12.7 46.3 297.4 10.8 9.9 1.92 2.50
BD 3 117.6 15.5 38.9 204.6 123.6 108.3 308.1 2.65 3.88
CD 3 240.8 2.1 142.8 173.4 515.9 32.7 325.1 2.65 3.88
ABC 18 17.6 1.2 20.8 52.5 290.9 13.0 15.0 1.65 2.03
ABD 6 61.8 0.6 10.9 18.8 276.8 6.8 3.8 2.14 2.90
ACD 6 3.5 3.1 100.5 149.7 213.3 9.1 22.0 2.14 2.90
BCD 9 96.8 0.9 40.1 61.4 617.9 9.6 9.2 1.92 2.50
ABCD 18 39.6 1.5 32.0 29.3 89.7 9.1 11.3 1.65 2.03
Error 192 0.2 0.02 2.9 0.2 2.9 0.1 0.006
* the value of the variance x 100 TN — total number
Am — ammonifiers
Azb — Azotobacter
F — fungi
Olg — oligotrophic bacteria
Ac t — Actinomycetes
DHA — dehydrogenase activity
Tab. 2 — Variance components (%) for the number of microorganisms and dehydrogenase acti-
vity of soil
Source of variation
For the number of
DHA
TN Azb Olg Am F Act
Sugar beet genotype (A) 0.0** 0.0** 0,0* 0.0** 0.0** 0.0** 0.0**
Mineral fertilizer (B) 0.0** 8.8** 1.0** 0.0** 0.0** 0.0** 0.0**
Inoculation (C) 0.0** 0.0** 0.0** 1.1** 0.0** 2.8** 0.0**
Year (D) 12.1** 21.7** 3.2** 0.0** 0.0** 0.0** 0.0**
Interaction AB 0.0** 0.0** 0.0 0.0** 0.0** 2.6** 0.8**
AC 3.0** 2.0** 9.7** 3.0** 6.5** 0.0** 5.3**
AD 1.3** 9.6** 0.0 0.0** 0.1** 0.8** 0.0**
BC 6.1** 0.0** 0.0** 1.6** 6.2** 0.1** 0.0**
BD 7.1** 21.7** 0.7** 9.1** 0.5** 27.9** 34.8**
CD 0.1** 0.5** 11.8** 7.5** 6.3** 27.6** 36.8**
ABC 0.0** 0.0** 0.0** 6.4** 18.0** 5.8** 2.6**
ABD 6.0** 0.0** 0.0** 0.0** 8.3** 0.0** 0.0**
ACD 0.0** 7.3** 21.8** 16.6** 5.5** 0.0** 3.7**
BCD 20.7** 0.0** 3.4** 5.9** 31.5** 0.6** 0.0**
ABCD 42.9** 27.0** 37.1** 48.4** 15.5** 30.3** 15.9**
Error 0.6 1.3 11.2 0.4 1.6 1.4 0.02
Total 100.00 100.0 100.0 100.0 100.0 100.0 100.0
* F test 0,05
* F test 0,01
TN — total number
Am — ammonifiers
Azb — Azotobacter
F — fungi
Olg — oligotrophic bacteria
Act — Actinomycetes
DHA — dehydrogenase activity
42The analysis showed that the same yield was achieved both in the variant
with strain 84 inoculation and 60 kg ha—1, and in the control variant with 90 kg
ha—1 NPK. The effect of inoculation on the root yield was particularly obvious
in the variant with strain 86 inoculation and 90 kg ha—1 NPK. This combina-
tion was most effective in the whole experiment (Graph 1 and 2).
Mineral fertilizers also had a positive effect on the root yield of the sugar
beet hybrids. The average root yield of the control increased significantly
when a higher amount of NPK was applied. In inoculated variants, depending
on the amount of NPK, the differences in the root yield of the investigated
hybrids were much bigger (Graph 1 and Graph 2).
The F test pointed to the importance of all the investigated factors and
their interactions (Table 3).
Tab. 3 — The effect of variance components (%) on the root yield of sugar beet
Source of variation
Variance components
s2 %
Year (A) 0 0.00**
Mineral fertilizers (B) 9710278 26.59**
Genotype (C) 0 0.00**
Inoculation (D) 0 0.00**
Interaction AB 845554 2.31**
AC 135566 0.37**
AD 144248 0.39**
BC 1368649 3.75**
BD 1065608 2.92**
CD 302943 0.83**
ABC 4351048 11.91**
ABD 1395673 3.82**
ACD 1802580 4.94**
BCD 2428473 6.65**
ABCD 4499112 12.32**
Error 8468320 23.89
Total 37610783 100.00
* F test 0.05
** F test 0.01
The analysis of variance of the results gathered during the two years
showed that the amount of mineral fertilizers had the greatest effect on the
phenotype variation of the sugar beet root yield. Different variants of inocula-
tion had different effects on the root yield (Table 4).
In all inoculated variants, no significant effect of the genotype, the year
or the interaction between the year and mineral fertilizers was observed. The
interaction between the year and the genotype was significant only in the con-
trol variant (17.48%) whereas mineral fertilizers/genotype interaction was sig-
nificant in the variant with strain 86 (26.59%). The effect of mineral fertilizers
was most significant in the variants inoculated with strains 84 and 86 (Table 4).
43Tab. 4 — The values of variance components
Source of variation
Azotobacter (strain)
u strain 16 strain 84 strain 86
s2 (000) % s2 (000) % s2 (000) % s2 (000) %
Year (A) 0* 0.00 0** 0,00 2946* 7.76 0 0.00
Mineral fertilizer (B) 291** 0.98 7037** 25.24 18160* 47.82 12851** 35.89
Genotype (C) 0 0.00 0** 0.00 0* 0.00 0 0.00
Interaction AB 1044** 3.53 1564** 5.61 0** 0.00 1075** 3.00
AC 5169** 17.48 0* 0.00 0 0.00 1687** 4.71
BC 0* 0.00 0** 0.00 777** 2.05 9522** 26.59
ABC 8944** 30.24 13416** 48.13 10402** 27.39 2679* 7.48
Error 14129 47.77 58580 21.01 5687 14.98 7998 22.33
Total 29577 100.00 27875 100.00 37973 100.00 35811 100.00
* F test 0.05
** F test 0.01
In all inoculated variants, the effect of the year/mineral fertilizer/genotype
interaction was significant. The contribution of this interaction to the pheno-
type variation of the root yield ranged from 7.48% to 48.31% depending on
the variant of inoculation (Table 4).
CONCLUSION
The number of almost all groups of microorganisms was primarily affec-
ted by the interaction of the year of the trials, mineral fertilizers, sugar beet
genotype and inoculation.
The dehydrogenase activity was primarily affected by the interactions of
the mineral fertilizers and the year, and by the inoculation and year of the
trials.
The root yield was affected by the interaction of the year of the trials,
mineral fertilizers, sugar beet genotype and inoculation.
By the mineral fertilizers, the root yield was affected at the full extent.
The mineral fertilizers affected significantly higher on the root yield in
variants with the inoculations.
In order to determine the correlation between the root yield and the mic-
robiological activity of soil, it would be necessary to examine all of the men-
tioned factors individually.
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Rezime
U proizvodwi šeãerne repe za postizawe visokih prinosa, pored genet-
skih svojstava sorti, vaÿan faktor je i primena mineralnog ðubriva. U ovoj
proizvodwi koriste se znaåajne koliåine mineralnog ðubriva. Meðutim, u slu-
åaju da agroekološki uslovi nisu optimalni za vaqano iskorišãewe unetog ðu-
briva ono neãe biti iskorišãeno, te moÿe uticati na zagaðewe zemqišta. Za-
to su veã duÿi niz godina istraÿivawa usmerena u pravcu iznalaÿewa moguã-
nosti korišãewa atmosferskog azota posredstvom bakterija azotofiksatora.
Mnogobrojnim ispitivawima utvrðeno je da deo mineralnog azota moÿe biti
zamewen biološkim.
Ciq ovih istraÿivawa bio je da se utvrdi udeo genotipa šeãerne repe,
azotobaktera i primewene koliåine mineralnog hraniva na formirawe prino-
sa korena, kao i na mikrobiološku aktivnost rizosfere šeãerne repe.
U dvogodišwim ispitivawima utvrðen je prinos korena šeãerne repe za
tri hibrida åije je seme neposredno pred setvu inokulisano azotobakterom (tri
soja). U ovim ispitivawima primewene su razliåite koliåine NPK (0; 30; 60;
90 kg/ha aktivne materije NPK).
Na kraju vegetacije utvrðeni su prinos korena, kao i ukupan broj bakteri-
ja, brojnost azotobaktera, oligonitrofila, amonifikatora, gqiva i aktinomi-
ceta u zemqištu. Takoðe je odreðena dehidrogenazna aktivnost zemqišta.
Dobijeni podaci su statistiåki obraðeni (analiza varijanse za faktori-
jalne oglede), a udeo åinioca je odreðen na osnovu oåekivanih sredina kvadrata
za faktorijalni ogled.
Najveãi udeo na varirawe prinosa korena imala je primewena koliåina
mineralnog hraniva. Meðutim, wen udeo znaåajno se razlikovao zavisno inoku-
lacije. Udeo ispitivanih faktora varirao je zavisno od genotipa šeãerne repe,
primewene koliåine mineralnog hraniva, inokulacije i godine ispitivawa.
Interakcija izmeðu genotipa šeãerne repe, mineralne ishrane, inokula-
cije i godine ispitivawa imala je najveãeg udela u ukupnom varirawu gotovo
svih ispitivanih grupa mikroorganizama u zemqištu.
46